Objectives: Previous studies showed there were variations in the interforamina distance of mental foramen between races. The aim of our study is to determine the interforamina distance of mental foramen among Malaysian populations.
INTRODUCTION
It has been found that the location of the mental foramen varies in different ethnicity. 1 Mental foramen position is commonly seen below the second premolar. 2 However, individual variation exists whereby it can be placed anywhere in between the first premolar to the mesial root of the first molar. 3 The position of the mental foramen can be seen in two different planes, which are the horizontal and the vertical planes. 4 Fishel et al 4 and Greenstein et al 5 have proposed the most popular method for the identification of mental foramen. The horizontal position of mental foramen was recorded as either in line with the longitudinal axis of the tooth or lying in between two teeth. 4 Fishel et al 4 described the vertical position of the mental foramen to be either situated coronal to the apex, at the apex, or apical to the apex. Some studies measured the location of the mental foramen from various landmarks of the mandible. For instance, the most commonly used landmarks are symphysis menti, 6 posterior border of the ramus of the mandible (in horizontal plane), and the lower border of the body of the mandible (in vertical plane). 3 To estimate the distance of the interforamina, various studies have been done by using the midline of the mandible as an anatomical landmark. According to Shankland, 3 the mandibular foramen is located 28 mm from the midline of the mandible and 14-15 mm from the inferior border of the mandible. 3 On the contrary, Neiva et al 7 proposed that the distance of this foramen from midline was 27. Dental Officer, [4] [5] [6] Under Graduate Student
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midline of the mandible. For the purpose of implant placement in the interforamina area of complete edentulous patient, interforamina distance is crucial in determining the location and the number of implant placement. Our study chose the Malaysian population that is compose of the three main ethnic groups, Malay, Chines, and Indian, to detect the interforamina distance. To our knowledge, this is the first study conducted in such ethnic population.
MATERIALS AND METHODS
A total of 503 panoramic radiographs orthopantomogram (OPG) of Malay, Chinese, and Indian adult patients of both sexes having visible mental foramina bilaterally were collected. All panoramic radiographs were taken using Siemen Orthophos (Sirona) with magnification of 1.2. The radiographs were chosen according to the following inclusion and exclusion criteria.
Inclusion Criteria
• Age 18 and above.
• Malaysia ethnicity: Malay, Chinese, and Indian.
• High quality with respect to geometric accuracy and contrast of the image.
• Panoramic radiographs having bilaterally visible mental foramina.
Exclusion Criteria
• Unreadable and poor quality of OPG.
• Radiopaque or radiolucent lesion in the lower arch.
• Evidence of lower jaw fracture around the mental foramen region. • Presence of supernumerary or unerupted teeth because the impacted or unerupted teeth might obscure the appearance of the mental foramen.
• Any radiographic exposure or processing artifacts.
Panoramic radiographs were viewed in a dark room on an X-ray viewer. The mental foramen was identified as a radiolucency by a magnifying glass that can be traced by following the inferior dental canal (Fig. 1) . A sheet of transparent paper was superimposed on the panoramic film and the mental foramen was traced on the transparent paper by using a fine marker pen. A vertical line marking the midline was drawn passing between the maxillary central incisors (as first preference), the mandibular central incisors, or the nasal septum (if the maxillary and mandibular central incisors were missing) by using a ruler (Fig. 2 ). This was followed by, a horizontal line that was drawn from the most medial aspect of the mental foramen to the midline (Fig. 3) . The distance of the horizontal line was then measured on both the right and the left side (Fig. 4) . The addition of both these values is the magnified value of Thirty randomly selected panoramic radiographs were studied by three observers to perform the interexaminer calibration, and the Cohen's Kappa formula was used.
where Pr(a) is the relative observed agreement among raters.
Pr(e) is the hypothetical probability of chance agreement.
The interexaminer kappa statistic shows 0.911 (0.81-1 as the almost perfect agreement).
All the data collected were analyzed using chisquare test to show the relation between ethnicity and interforamina distance.
RESULTS
As many as 393 OPGs were selected out of 503 OPGs based on the exclusion criteria. Of these, 187 were males and 207 were females (Fig. 5) . The youngest patient was 18 years old and the oldest was 81 years old. Sex analysis showed a higher female percentage (52.7%).
Among the Malay population, the average distance of the mental foramen to the midline is (R = 27.47 ± 5.10 mm, L = 26.69 ± 4.97 mm). The average intermental foramina distance however is 54.16 ± 9.22 mm (Fig. 6) .
On the contrary, the average distance of the mental foramen to the midline among the Chinese population is (R = 28.41 ± 4.53 mm, L = 27.19 ± 4.21 mm). The average intermental foramina distance is 55.61 ± 7.47 mm.
For the Indian population, their average distance from the midline is (R = 26.9 ± 5.10 mm, L = 26.59 ± 5.38 mm). The average intermental foramina distance is 53.5 ± 9.45 mm.
The average of the intermental foramina distance for the total Malaysian population is 55.47 ± 8.76 mm (R = 27.34 ± 4.94 mm, L = 26.83 ± 4.84 mm).
The data collected were divided based on the ethnicity for each sex. The number of Malays that falls into type I category are (n = 73, M = 17.81%) (n = 84, F = 19.05%), Chinese are (n = 60, M = 10.00%) (n = 73, F = 12.33%), and Indians are (n = 53, M = 20.75%) (n = 50, F = 16.00%) (Fig. 6) .
Next, in type II category, the number of Malays are (n = 73, M = 27.40%) (n = 84, F = 30.95%), Chinese are (n = 60, M = 10.00%) (n = 73, F = 32.88%), and Indians are (n = 53, M = 35.85%) (n = 50, F = 30.00%) (Fig. 6) .
Lastly, the number of Malays that were grouped into type III category are (n = 73, M = 54.79%) (n = 84, F = 50.00%), Chinese are (n = 60, M = 66.67%) (n = 73, F = 54.79%), and Indians are (n = 53, M = 43.40%) (n = 50, F = 54.00%) (Fig. 6) . The study also calculated the interforamina distance for female and male of Malay, Indian, and Chinese (Figs 7  and 8 ).
According to the result mentioned, we can say that the most common interforamina distance for each races falls into type III category, which is between 55 and 60 + mm.
Null Hypothesis (H 0 ): There is no relationship between ethnicity and interforamina distance.
The confidence level of this study is α < 0.05. The chisquare value obtained both male and female population is 6.596 and 1.387, respectively. The degree of freedom (df) is 4 for both gender. The p-value (P) for male is 0.1591 (p > 0.05) and for female is 0.8465 (p > 0.05). Since both the p-values are more than 0.05, we can say that the test is not statistically significant. Thus, we can accept the null 
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hypothesis (H 0 ) and reject the alternative hypothesis (H a ). Therefore, there is no relationship between ethnicity and interforamina distance.
DISCUSSION
The determination of the intermental foramina distance has been a topic of great interest, especially in implantology, stressing the importance of anatomical landmarks in the maxillofacial region. 5 The frequent failures reported during administration of local anesthesia and surgical procedures involving the mental foramen highly suggest the presence of variation in different populations. 5 Based on the study conducted, the average intermental foramina distance in Malaysian population is 54.47 ± 8.76 mm. In cadaveric specimens, Neiva et al 7 found
that the mean distance between the right and the left mental foramen among Caucasian population is 55.23 ± 5.34 mm. 2, 3 Kim et al, 9 a Korean researcher and coworkers, have examined 28 hemifacial cadavers and concluded that the distance between the bilateral mental foramina is 50.32 ± 1.93 mm, comparing with the present Malaysian Chinese population, which is 55.61 ± 7.47 mm.
In Malaysian Chinese population, the average distance of the right mental foramen to the midline is 28.42 ± 4.53 mm, while on the left side it is 27.19 ± 4.12 mm. An anatomical study by Wang et al 10 involving 100 mandibles of adult Chinese cadaver showed distance of 28.06 mm from the symphysis. Among Malaysian Indian population, the average distance of the right mental foramen to the midline is 26.9 ± 5.10 mm, whereas on the left side it is 26.5 ± 5.38 mm. In comparison with the study directed by Udhaya 13 the distance of the mental foramen from the symphysis menti among the Sri Lankans is found to be 26.52 mm. Comparing all these studies with the present study, the measurements show small but significant differences in the mental foramina distance to the midline. The present study provides new data on the distance between the two mental foramina among the Malay population. In the analysis of 164 OPGs, the average intermental foramina distance is 54.16 ± 9.22 mm. The measurement of the mental foramen laterally from the midline shows a reading of 27.47 ± 5.10 and 26.69 ± 4.97 mm on the right and left sides respectively.
Our study is comparable to the other studies by Apinhasmit et al, 8 Agthong et al, 6 and Yesilyurt et al. The limitation of our study is the usage of two dimensional image of OPG and small sample size. Therefore, it is recommend to utilize the three dimensional (3D) conebeam computed topography (CBCT) with larger sample size to improve the research quality and outcomes. 
CONCLUSION
The most prevalent intermental foramina distance is Type III (55-60 + mm) in all the three races of Malaysian populations. There is no relationship between ethnicity and interforamina distance. Clinician must always take into consideration that the intermental foramina distance should not be determined based on their ethnicity.
